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use of invasive medical devices such as inssrtable as 
well is implai I bed. In the 

case of laser table devices each as catheters,, the rate of 
infection necessitates frequent replacement;, In Che case 
of implantable devices each as prosthetic devices, 
infections interfere with adaptation to the device. In 
either case, ife suit froia 

such infections, 

f redica.1 device related 
infections is complex. Stey factors influence the risk 
and type of infection. These include factors related to 
the host, to the medical device and to the virulence and 
inoculum of the infecting organism. Hundreds of medical 
publications have investigated and documented the 
variables that contribute to these factors, it has been 
well es> \ c ' 

medical device associated infections occur ansa bacteria 
colonize and then migrate along the medical device until 
they gain access to the bloodstream Accordingly, the 
ability of bacteria to adhere to a medical device is 
important to the successful establishment of an 
infection. 

The role of bacterial surface polysaccharides 
.in adtiet v s - -■, - . ^ . . 

series of experiments demonstrated the ubiquitous nature 
of these polysaccharides. Surface polysaccharides; are 
found on most bacteria and fungi, when ;xrhtronr.sd with a 
specific lectin, the surface polysaccharides generate a 
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glycocalyx that surrounds the bacteria and adhering 
surface, £he glycoealyx consists of a mass of long 
polysaccharide fibers and appears to have several 
functions. It may act as a source of nutrition for the 
bacteria. It my serve as a physical harrier. Most 
importantly, surface polysaccharides determine the 
specific surface interactions of the bacterial cell. 

This phenomena has far reaching effects. For 
example the ability of Etreotjsmc^us tm^m to colonise 
teeth., Streptococcu s laU^Miffi to colonise gums, 

to colonise the intestine, and Group 
A streptococci to colonise the throat and skin are all 
■tnanifestations of a complex interaction between specific 
surface polysaccharides and specific lectins., which are 
proteins that bind to specific polysaccharides. 

The importance of bacterial surface and medical 
device related infections is best illustrated by 
coagulase negative staphylococci. &> e^DMermOM; the 
most important and c«on of the coaguiase negative 
staphylococci, was previously considered a non- pathogenic 
organism. It has new emerged as the most common cause of 
foreign body infection and nosocomial sepsis. It is the 
major cause of prosthetic, valve endocarditis, vascular 
graft infection, artificial hip and knee infection, and 
catheter related sepsis. Although less virulent than §., 
aureus and mny other bacteria, it is highly resistant to 
most antimicrobials except vancomycin and. rifampin, 

Br the early BIO's, electron microscopy 
studies demonstrated chat certain strains of 1. 
flftjfoaraiais produce an extracellular slime like 
subst&aee. The extracellular slime is a complex substance 
composed mostly of polysaccharide. 

The production of slime by an organism enatu.es 
it to adhere to surfaces of insertarde or implantable 
devices and cause infection. The slime appears to contain 
a galactose rich polysaccharide "adhesive'' which mediates 
attachment of the organism to polymers . It also contains 
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a polysaccharide substance that accumulates after 
adherence occurs and cements the organise to the medical 
device . 

Beside, ..dhes the slime appears to have 
other functions, it binds to gIycopepti.de antibiotics 
including vancomycin, This may explain why most S. 
^iti®0tiMti. infections do not respond to antimicrobial 
therapy alone, fen infection occurs on an inserted or 
implanted device, removal of the device is usually 
required. Slime also interferes with certain immune 
responses. 

The extracellular slime of S, epidermidis is 

tat ~on of exuberant production of surface 
polysaccharide. The quantitative production appears to foe 
regulated by a complex mechanism that turns on and off 
production based upon the local environment . Although s. 
.epiitoy^la has been tne focus of much of the research on 
foreign- body infections, this concept has been studied in 
other organisms. Colonization by pseudoaonas species on 
the interior surface of PVC and other pipes has 
demonstrated a glycoealyx mass that shields organisms 
from disinfectants including chlorine, phenolics, 
quaternaryammonium, and lodophor disinfectants. Once a 
bacterial glycocalyx is formed, it is very difficult to 
break down. 

The development of polymers chat contain 
antimicrobial properties has important implications for 
both medicine and industry. Aside from factors related to 
bacterial polysaccharides, the coating of the foreign 
body by proteins (albumin, fibronectin, platelets} from 
the host, as well as a variety of factors related to the 
polymer itself undoubtedly affect the risk of infection. 

Several approaches have bete utilized to 
produce medical devices made of or with polymers with 
antimicrobial properties, as described, tor example, in 
T J.S. 4,769,013, U.S. 4,713,402 and U.S. 4,886,305. 
Antimicrobial agents can be incorporated during the 
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production process or grafted into the surface as 
described in U.S. 4,S25,S68. Bcv/ever, oven brGadspscr..ruii 
antibiotics eventually laed to the selection of resistant 

gram negative rocs, I- SB3&OB^. and entarocoeei is 
itkelvu in addition, unless the * delivery" of the 
antibiotic is rapid, potent , and long lasting, formation 
of the protective giyeoealyx : will -prevent its 
effectiveness. In addition, mny antibioti.ee produce 
allergic reactions in sosse patients. 

The present invention is based on an 
alternative approach, namely interference with the 
adherence of bacteria to polymeric surfaces of medical 
devices. Studies have demsas«®d that both the degree 
of slime and adhesive production influence and correlate 
with, the degree of bacterial adherence to silastic 
catheters, g. imm&$£&&£m> unlike jjoMerrddlt do not 
produce slime and are a very uncommon cause of catheter 
related infection- As describe* herein, sub-stances that 
prevent or reduce the production of slime by bacteria 
reduce their adherence and thus reduce the level of 
growth of microorganisms on the surface of the inserted 
or implanted devices. 

It has been observed that sodium salicylates 
and certain other compounds can interfere with the 
production of capsule polysaccharide production in 

salicylate binds to lipids in the 
outer membrane where biosyntfcetic enzymes are located. It 
has been postulated that capsular polysaccharide is the 
backbone of giyeoeaiyx formation. 

An object of the present invention is to use 
salicylates and ether nonsteroidal anti- inflammatory 
drugs ( "HShlD") ; as? well as other compounds such as 
chelating agents, to prevent the production of slime or 
surface polysaccharides in target .microorganisms, thereby 
nrev„nt-nr „* ^ -~ « en I c * rr used 

in medical devices . 
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A further obi set of the present invention is to 
utilise sliaia or surf ace--poIysaccharide- inhibiting 
compounds which have, in addition, anti-platelet and 
thrombotic properties. This is particularly useful since 
the formation of the glycate I yx may be determined in part 
.by platelets and ribreaeetin. The use of such compounds 
may decrease the incidence of thrombophlebitis as well as 
infection. 

If is a further objective of the present 
invention to reduce bacterial growth oa implanted devices 
rainy compounds that are relatively non-toxic. 

These and other objectives are accomplished by 
the invention described in detail below. 

p;ro a---. ■ y it- if bl"plS8 

As embodied herein, the foregoing mad other- 
objects are achieved by the present invention which 
involves the m® of salicylic acid and otner similarly- 
acting compounds to inhibit the formation of microbial 
slime or swrf&ce polysaccharides, thus interfering with 
their ability to adhere to invasive medical devices and 
thereby cause infection. 

miim^5sigxx.Qri.Qg...^B ,MM 

Described heroin is a method for preventing the 
adherence and growth of microorganism on catheters as 
well as other insertafole or implantable medical devices 
using si ime • inhibiting compounds. Reduction of the slims 
production by such microorganisms reduces their ability 
to adhere to the medical device thus reducing the risk of 
infection and nosocomial sepsis. 

The present invention is based on the discovery 
that by inhibiting t man rf bacteria to 

and other medically related foreign bodies, the risk of 
infection and sepsis can foe reduced, and the residence 
time in «hich the medical device can remain in the body 
can be increased. The adherence of the bacteria to the 
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medical device is inhibited by using a compound that 

_ - - **:h :<? abalxt.3 ^ m~ eico; carx^ to 

produce a slime. The term sliras, as used herein, includes 
the extracellular and capsular substance., composed to a 
large extent of extracellular polysaccharide, which is 
produced by many ^dcroorgarirams,. including coagulase 
negative staphylococci such as S.,. v and ^ 

mama. MsMnsMik SS&L, pseudomonas and other gram 
negative rods, as well as other microorganisms, 

A slime -inhibiting compound is a. substance or 
collection of substances which inhibits either production 
of the slime produced by a microorganism, or a component 
of the slims, such as the polysaccharide component. 
Regardless of the component of the slime that it 
in&i&its,. the slime- inhibitor reduces, the ability of a 
microorganism to adhere to a polymeric surface, Slims 



inhibiting compounds include. 



at are net limited to f 



mxm such as acstyisalicylic acid { aspirin) salicylate, 
bis -salicylate, benzyl -benaoic acid, difluntaal, 
fendosal, indomethacin, acemetacin, cinmetacin, sulindac, 
tolmetin, zomepirac, diclofenac, fenelofenac, isoxspae, 
ibuprofsa, flurbiprofen, naproxen, ketoprofsn, 
fenoprofen, benoxaprofeu, indoprofea, plrprofea, 
carprofen, meisnamic acid, flufenamic acid, 
mclofenamate, niflumic acid, tolfenamic acid, flunixin, 
elonixin, phenylbutazone, f aprasone,, apasona, 
trimsthacone, mofshutazone, kefeusone, suxibusone, 
piroxicam, isoxicam and tenoxicani, as well as chelating 



Is contemplated herein, medically implanted or 
inserted devices include those inserted per cutaneous ly or 
through an orifice, or implanted for short or long ranges 
of time as well ut ; f- Sue ie-< ce n lads 

catheters as well as sutures, heart valves, grafts such 
as vascular or other tissue grafts and prosthetic devices 
such as artificial hips and knees. Such devices are 
generally made of a polymeric material such as silastic 
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or other si rial, poiyet 

teeephtaiats {PET), dacron, knitted dacron, valour 
dacron, polygiacin, chromic gut, nylon, silk, bovine 
arterial graft, polyethylene (S>E> , polyurethane, 
polyvinyl chloride, silastic elastomer., silicone rubber, 

PMMh T - (met thacryiaU laco ; i propylene 

iPJ?) , titanium, cellulose, poly vinyl] alcohol (PVA) , 
poly (hydroxyethyl iscthacryiate <PK8N&) , poly { glycol! C 
acid), poly (acrylonitrile) (vm) , floroethyiene-co- 
hexailaoropropylane PPE?) f teflon {PTFK} and Co-Cr 
aiioys , 

inh bitct may be added to the 
material on which microbial growth is to be inhibited by 
spraying , dipping, soaking, or by incorporat 'ion into the 
material itself, Alternatively, the inhibitor my fee 
incorporated into a secondary polymer need to coat the 
surface of tfee medical device. Such a secondary polymer 
may have slow release properties that allow for the 
gradual release of the inhibitor into the 
miorosnvironment of t$i deviosu. 

Several of the slime- inhibitors used to 
practice the present invention have additional 
therapeutic properties. Accordingly, their use is often 
suggested in conjunction with medical implants, 
ostensibly to decrease swelling around the site of 
implantation, For ex < of 
salicylate as an analgesic or anesthetic in conjunction 
with a medical 3 

described herein have been incorporated into drug 
delivery devices because of their therapeutic properri.es. 
However, the level of compound used in such circumstances 
must be relatively high to achieve the desired 
therapeutic res-alt . 

In contrast, and because the present invention 
contemplates us* c level \ t 

to inhibit slime formation within the nd cr oanvi ronmen t of. 
the device, the levels of the compounds described herein 



are below the level necessary for therapeutic systemic 
effect. Generally , the amount of inhibitor utilized 

- productio t ride pro&uc 

and adherence to the device, as measured by concentration 
on the surface of the device, is between about 1 and 
about 20m. This level is believed to he sufficient to 
decrease the incidence of thrombophlebitis associated 
with the device due to the known ant i -platelet activity 
of NSA3D. 

According to one preferred embodiment, 
distribution of the inhibitor on the device to fee 
inserted or implanted is accomplished by incubating the 
device in a solution containing the slime -inhibitor. The 
inhibitor is suspended in a solution, most preferably an 
alcohol-based solution, at a. concentration of between 
about l m and i M. The device is incubated within such a 
solution for between about IS minutes and 2e hours at a 
temperature of between about -20*0 to 25*0 after which it 
is air dried. 

£ref erably the coating is performed at between 
about ~20°e and 1G*C«. In general, use of the inhibitor in 
conjunction with alcohol has been found to increase the 
polysaccharide inhibiting properties . men. the surf ace to 
be treated is teflon, however, the alcohol decreases the 
effectiveness of the slime -inhibitor. When alcohol is 
used, optimum results are often obtained by incubating at 
-20*C\ 

momex method makes use of 
rridodecylemthylataionium chloride {«) or foenzalfconinm 
chloride to bind the si itne- inhibiting substance to the 
catheter or medical device. TDMaC has previously been 
used to coat catheters and other medical devices with 
antibiotics and heparin. 

The ability of a compound to inhibit the 
production of slime by a microorganism and thereby 
inhibit its growth on a medically insartafele or 
implantable device can be measured by several methods.. 
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Once the device is coated or impregnated with tide 
compound, the device is exposed to a source of .bacteria 
over a specified period of time, after which the device 
is waste 

measured. Scat measurements may include colony counts or 

other means of q ; aic r er.is. such as 

- , - -> , - - ^ s ,^ > * v -vs T-mstc- a 

parti a metabeli; a 3 ans : man; tying bac ria.1 

load or by radial abelling techniques. 

A suitable method sg> lot analyzing ZM 
effectiveness of an inhibitor in preventing microbial 
growth on catheters or other r : . :\ • ,tr - 
implantable devices is described la Eranyh.e N 

Although the current application deals with 
medical devices,, this concept can be applied in a number 
of industrial areas. Giycoeaiyx formation by grass 
negative rods occurs in PVC ana other plumbing supplies » 
The formation of this giycoeaiyx. has been shown to 
contaminate the me- fact nring p.* c 

which sterility is vital. Coating such pipes with a ISSAXD 
may minimise this problem. 

la o si^il^r i . ' be 

considered in the marine industry where water-borne 
organisms cause destruction. Also contemplated by the 
present invention is the use or the bSdID as additives to 
waterproofing and coatings for boats and other marine 
supplies ♦ 

Ixajsai C...C 

The effect of sodium salicylate on the growth 
characteristics of various organises was studied. A slime 
producing strain of coacula.se negative staphylococcus was 

own in lucre x f o...„...cs ..... « two 

different types of ms 

and triptieasa soy proth (TSB) . The resclta.at bacterial 
counts were as follows; 
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Control 

im 

SmM 
2SmU 



10 

CDM TSS 

2.3 x ICr 1.2 x 10 s 

7.2 X. 10 s 1.4 x 10 s 

8.3 X 10 s 5.7 X 10 s 
5.7 x 10 s S-2 X 10* 
2.3 X 10* 3.2 x l(f 



These studies demonstrated that salicylate does 
not have antimicrobial properties. It did not inhibit the 
growth of coagulase negative staphylococci is either 
chemically defined media or in commercially prepared 
trytica.se soy broth. Similar growth curves were obtained 
with gram negative rode including E< coli and 



„ ~J2 

As a crude measure of its ability to influence 
the production of slime, the yield of slime by weight 

lis. grown in 

the presence of increasing concentrations of salicylate 
was used to measure the ability of salicylate to 
influence: the production of slime. 

Concentration Yield 
Control 86 mo. 

zm £8 mg. 

sm • 58 mg, 

2sm & ■ 

As noted, the amount of slime decreased with 
increasing concentrations of salicylate. 

£-:--^:i:i!..i 

The effect of increasing concentrations of 
salicylate on the production of slime by £. exddersiiils 
was measured toy using a spectre-photometric asssy. The 
results were as follows: 

Concentration- ■ pffl optical Density 
Control 1.5 
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1 WM 1.4 

2 xm 1.3 
s m - 5 

10 mM .08 

25 m JQ1 



A progressive fall in the optical density with 
increasing concentrations oi: salicylate,, most evident at 
S mM and above, was observed. 



Selected strains of slime -producing coagulass 
r« i own is 

various concentrations of salicylate, After 24 hours 
growth, various types of catheters were placed in high 
concentrations of the organisms for 15 minutes. This 
assay exposed the catheters to a high concentration 01 
organisms for a short period of time. The catheters were 
washed three times* and roiled onto agar in a 
standardized manner. The agar plates were incubated 
overnight, and the number of colonies counted. The 

■ition af adhe: nc was tal.cc n c with tin 
following formula: 

% — » o — - * t - , „ ^ 100 

with the following results: 



Adherence 





Poivure thane 

0 

1 Mm 



171 

50 71% 
22 87% 
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Silastic 

1 m 2BS m 

25 77 



0 

5 Mm 



A similar assay to that izs 
performed using S. aureus and. E. gj&L* >r ^ is ms done 
using a silastic catheter. The ; 




(CRT/plate) 

Concentration g. ssOX 1 &♦ m®2& 1 

0 90 285 

1 m 32 U 154 46% 
5 3s .5 9,9 112 m 

This demonstrated an effect with & sMi and 
taat was similar to that observed with 1» 



in 

salicylate and compared to control catheters that were 
not incubated in salicylate to determine whether the 
salicylate would coat the polymer surface. 

Catheter segments were incubated in 100 m 
salicylate overnight at 3? tt C r pH 7,0, The catheters were 
then dried, and dipped into a 5 x 10 s CFu/ml coagulase 
negative staphylococci for 15 minutes. All studies were 
done in triplicate. 

Mher n r - 

. Contro.1 Sadic^lite I 
Silastic 6Q0 3X7- 4=7% 

Folyurethane 33 W 37% 

Teflon 35 13 53% 
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13 

1? 3 82% 

85 SO 41% 



Teflon, PVC, and silastic catheters were incubated in 100 
WM salicylate at 37* overnight and were incubated with 
high concentrations? of bacteria iicf - 10* CFU/ml} . After 
incubation, the eatreters were washed three times, then 
rolled onto agar auo incubated. The colonies were 



counted. The resuL 


ua were as folic 
Teflon 


£Zi 


am 


IL. soli. 








Control 




13 


211 


Salicylate 


Hal 




Mi 


inhibition 


0% 


2S 


51% 










Control 


80 




59 


Salicylate 






2 


Inhibition 


100% 


27% 





The inhibition was most obvious with 
ps©uaoa\onas regardless of the type of polymer used. The 
& i^i. aid not adhere as well as pseudcaonas regardless 
of the catheter typo. 

A study similar to that described in Example 7 
was dons with a smaller inoculum of ;i0 5 CFO/ml) of fi. 
sjireus with the results as follows: 



Teflon 

Control 147 
Salicylate 54 

P¥C 

Control 192 
SAL 136 
Silastic 

Control 296 
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SAL 224 24% 

Silastic and polyure thane catheters ware 
incubated in SS% It OH and SS% EtOH and 200 n*1 salicylate 
at pH 7.0 for 2 hours at ~20*C« ^catheters were air 
dried and incubated in broth containing 10 s CFU/ml S. 

far IS minutes at 37»C. The catheters were 
and rolled onto agar- The results on two 
ia^itical experiments mm as follows ; 
Trial 1 

Contra . .are JdP" : 

Polyurefchare 143 P* 3S% 

Silastic 461 35 92% 

Trial 2 

Control salic ylate Inhibition 

SO SO 17* 

IS 20 0% 

138 57 5S% 




: to those described in 
I using g. soli. A high 
v of organisms (10 s ) was used. Catheter 
. incubated for 2 hours in 200 m salicylate 
in 951 ethanoi- The catheters were dried and placed in ' 
the 1. coll cultures at room temperature. Thsy were 
allowed to incubate for 18 hours. T 



(CFO/plate) 

Catheter Control S^U.gvlare Xfibihl.ll&£ 



Polyurethana 



10 8B% 



m 21 3 36% 

Silastic 5'Q 3 36% 



Silastic catheters prepared as described in 
: 9 *er„ rr ?. .a ' N " -~ v 
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Example 
days , 

ilO 5 CFU/nsl) , 

CPU/plate 
Control 



ilasti - c cc in 

cd i? ilruxes of coll : or thrs 



1400 



Salicylate 

700 



::nh:ibi"io:i 
50% 



N 3 \ t i - ; s - - 
overnight in varying concentrations of i 
ethane! at -20*C and then exposed to coj 
staphylococci and coll for 4 hours ai 
washed and rolled as per the protocol described in 
Example s. 

SftlffliUg* :?^gaUYg„.S£.4g^] ; g.QQ0,C.i CPolyuretfcane - cubing) 



tare were soaked 
licyiie acid in 
uiase negative 
3?«C> They: were 







Coux:c /.Elate 


ceil/; 


Control 


7,33 




>400 




20,0 


Salicylate 20GiaM 


7.1$ 




310 




14.6 


Salicylate OOOasM 


S.77 




SO 




2<4 


Ihuprofen &Q$m 






233 




11.5 


Ibuprofen 200sM 


7.02 




352 




18.1 


I, coll 


Csila 


stic 










Count 


:. /Plate 


CPO/rac; 


Control 




250 








N l 




226 




11. S 




Sa.1 icj , v v ?M 




32 








Xhaprofsn 4G0raM 




238 




12.0 




Ibuprofen 2Q0sM 




185 




3.S 





de 14 

Catheters treated with salicylate and ibuprofen 
as described in Example 9 were incubated in phosphate 
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buffered saline, having a ccpcent ratios, of 10 s CFO/ml I. 
coll for six: days at 3?«C. S&is produced, a constant 
concentration of organisms. 

Coating »MM!&2fi 
Control 240 

200 isM salicylate 121 50% 

100 mM Ibuprofen 70 7l% 

Despite six days of incubation., the inhibition 
was impressive It was greater with ibuprofen than 
salicylate in this experiment. 

Ssasjpi e...!l 

Polyurethane and silastic eatbeters were 
incubated in ibuprofen, acetyl -salicylate, and benzoyl - 
benzoic acid with 93% etbanol for 2 hours, The catheters 
ware then incubated in sb&£££B&&& as described in 
Example 9* The results were as follows; 

: - • gFU/platei ; •: Usi 

Control 295 

Acetyl -Salicylate {20 « 127 S7* 

Salicylate (200*« H-© 9% 

Ibuprofen ClOOcM) 166 

Benzyl benzoic ilOOaafiD 333 0t 

Control S2 

Acetyl. -Salicylate 7 8S% 

Salicylate (SOOsM) 33 36t 

Bsnsyl benzoic (lOOjrsM; 9 83% 

polyurethane catheters were, preheated overnight 
at S7 ft C and coated in the compounds listed below at --20 a C 
in 95% ethaaoi. They were then incubated in cosgula.se 
negative staphylococci at 37° for IB .hoars., and washed 
throe times in phosphate buffered saline, ATP was 
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extracted with extra! right and read with firelight in a 
dysateeh luminometer reader. 

Units;, of l ight (measured ar. 4 8°) 

Control ,62 
Salicylate .19 
Acetylsalicylate .06 
2.4 

i: .r. i - - .32 

, 02 

Indomethacin .07 

The -units of light are a reflection of the 

the polymer. The experiment was -repeated, but by growing 
the organisms directly in the inicrolite wells. Culture® 
of coagulase negative staphylococci were grown in the 
presence of 2m "SAID in aicroiits wells, washed and 
treated with extralight and firelight. 



Control 

vdsaiie 
Seiieyiace 
Ibnprofen 
Acetaminophen 
Indomethacin 
Phenylbutazone 



89.0 
13 . 0 
15.0 

3.0 
108.0 

9.2 
19.1 
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Several experiments were done with qxam 
negative rods in urine instead of broth. Silastic 
catheters were prepared as previously described and were, 
incubated for 4-5 hours at 3?°C. Ml studies were done 
in triplet, 

Mi^ttS^tJi^er I nhibition 



Salicylic Acid {SOOrnM} 



311 
94% 
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U^i&U^m^^iM& ( £ - Sours) 

Control 14.0 

Salicylic Acid (S0On?M) 2.8 87* 

l^J^acogmefe in Urine (5 Hours) 

Ell^o.^±|5eter &&&& 

Control XSxS 

- ^cid [200s&* SM 37% 

Salicylic Acid mom) 4.3 73 1 

Xn an attempt to determine the length of the 
observed affect., silastic catheters were iacufeated in 
salicylic acid as described, and then placed in sterile 
urine for 4 days. At the end of this period., the 
catheters were removed and then placed in a broth culture 
of f . sail. Results are the mean of three trials. 

miifejc^atheter mm mmMm 

Control 13.2 

Salic] : ,cid C200KM) 9.S 27* 

Salicylic Acid {SG«5} 2.9 78% 

This axpsriajent demonstrated that the coating 
is not lost immediately after the catheter is placed in 
an aqueous solution, 

§. epidermidla was radiolabeled by including 1 
pGl of (**C - sodium acetate) in the preliminary overnight 
culture. The catheter segments were exposed to the broth 
culture overnight at 37°C. The catheters were vigorously 
washed in saline, air dried, and placed in scintillation 
vials for counting, 

TSB with HaAC (1,2 - U C) 
Overnight at 3?*c 

£Uaj^ic_Sl^mLi.S 

Control 1481,0 
Salicylic Acid OGOmM) 528.0 
Salicylic Acid iSdQm 165,0 
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catheters and alt 
catheters that r . 
in ethanol for 4 
catheter segments: 
water and air dri 
ethane! , 2QQsH sa 
overnight at ~20°C 
ismvgrssed in a trypt. 



>iiids to the s t Silas 

bxi preheated were coated in £■% .JM&C 
utes at roort. temperature. The 
s vigorously washed with sterile 
"he segments were thee, iosmersed in 
ic acid end SOChoM salicylic acid 
•5 catheters were air dried and 
so soy broth culture of . 



£- „ " waahi 

3 changes of sterile saline and rolled on Mueller 
Agar plates. The plates ware incubated overnight 
and the colonies were counted- 



times in 



I> Control 
(S ; ~ s Acid 

incubation) Salicylic ACid iGQOm) 



£- CP -\ - - lr ol 

( Overnight - ic Acid <200sSM) 



CRT/ 






l$L_ IhhiMtion 


143 . 0 


6.S 




1 . 1 83% 


US 


Q.C7 99% 


cm/ 




V.;,::;.::.: 


SM . Inhibition 


91.0 


4.3 


81.0 


3.9 9% 


52,0 


2.6 401 
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determining whether a particular compound inhirits slime 

production and adherence to a medical device: 

1. Prepare test coating solutions at desired 

concentrations. Prepare sterile 3 cm section of 
tubing . 

.2. Incubate tubing pieces in sterile water at 6? C C 
overnight, dry l hour, then expose to test 
~o.Iut.ions and controls at iCT : >r 2 hours, 
•sure that all tshing ars immer .a in 
Int. ion. 



s , stove tne cutrn-' 
sterile field, M- 



are;: 
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4. assemble a sterile 3 cm syringe with a sterile 
industrial, blunt syringe which will ret 
securely into the tubing to be tested. 

5, Attach the marked end of. the 3 cm lengths of 
coated tobinq to the needle. Withdraw the 

. ^ syringe to abc n~ u 2 or 3 cc 

K 

S. Place IS ml of a 10* bacterial suspension into a 
sterile 50 cc tube and ulace up so 3 cubes into 

vets 

of -ncuba~^. ai $ aoculux s se cause 

varied, 

?. Transfer each tubing segment into a separate IS 
ml sceriK . 

of - - v - 

- redwing saline hack and forth through 
the tube 3 times. 

8. The process is repeated until, a total of 3 
washes in 3 separate saline tubes is completed, 

9, A 1 cm segment of the distal catheter is tut 
off and discarded, 

10 The remaining 2 cm section was quantitatively 
rolled over a .blood agar plaee 

- a 3?*C ana 

the colonies are counted. 

11, The catheter sequence are carefully measured so 
that the number or CPU/res catheter can he 
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ajn..ci 

1. A method of reducing infection associated 
with us implantable ox device 
comprising. distanibu ting on said device en effective 
amount c S 

2. A method according to claim I wherein said 

si~m.e i - 

3. A method according to claim I wherein said 
slime- inhibiting compound is a NSAID , 

4. A method according to claim 3 wherein said 
NS.«ID is selected from a he group consisting of salicylic 
acid, cce t:\cl salicylic acid (aspirin) , bis -salicylate, 
bsnayi- benzoic acid, <3if iuaisai, fendosal , indomethacln, , 
aeemeta xp, s i - .in comepirae,. 
diclofenac, fenclofennc, isoxepac ; ibnproben, 
Qurbiprch to; ; 

bancocapz^ofen, indoprofen, pirprofen,. carprof e« ( mefenamic 

-mo acid.. 

tolfenamic acid, fiuninin, cloaixixp phenylbutazone, 
feprasone, apaoone, trimethacone, mof ebutasone , fcehunone, 
suxrbo. o ^ 

5. A method according t.c claim 4 wherein said 
HSAIB is salicylic acid or sodium salicylate. 

6. A method according to claim 4 wherein said 
mm i® ibuprofea. 

?. A method according to claim X wherein said 
slime- inhibiting compound is distributed on the medical 
device by incorporating it into the medical isateria! 
during manufacture of said material . 

8. A method according i.c claim 1 wherein said 
slims- inhibiting compound is distributed on said device 
using TDMaC or boncalkonium chloride. 

S . rd v c v c i wherein, said 

slime -inhibiting compound is distributed on said device 
by soaking the device in a solution containing the slime- 
inhibiting compound, 

10, A method according to claim 9 wherein the 
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concent: ration of the slime "inhioi.i:.:;.ng compound, rn saxct 
solution is between about X and about 1 M* 

11. A method according to claim 9 wherein said ?• 
soaking is conducted for between about 10 minutes and 

about 34 hours. * 

12. A method according to claim .9 therein the 
solution is alcohol based. 

13. a method according to claim 11 wherein 
said, alcohol consists essentially of ethane! , 

14. A method according to claim 9 wherein said 
soaking is conducted at between about -20* and 2S*Ch 

15. A method according to claim 13 wherein 
said soaking is conducted at refrigerated temperatures. 

IS. A method according to claim 13 wherein 
said soaking is conducted at about ~20*C. 

1.7. A method according to claim 9 wherein said 
soaking results in incorporation of slime- inhibiting 
compound into the medical device material, 

IS . A method according to claim 1 wherein said 
device is mde of a polymer selected from the group 
consisting of silastic or other silicone -based material, 
polyethylene tecephtaiate (PET), polyglacin, 
polydioxanoae, chromic gut, nylon, silk, dacron, knitted 
dacron, valour dacrcn, bovine arterial graft, 
polyethYlene {PS} polyvinyl chloride (SVC) f silastic 
©lashomer,- silicone rubber, £mm, [poly- (methyl 
meth&crylate) 3 , later, polypropylene {PPJ titamium, 
cellPlose, polyvinyl alcohol (PVA) , poly- (hydroxyethyl 
methaeryiate) (FHSM&) , poly- (glycolic acid) , poly 
Cacryloaitrile} f loroothylene-co- 

fcaaafiuoropropylene (FSP), tef lon (PTFB) ,- Co-Cr alloys,, 
3?vc t nolyurethans, polyester, polyt etraf luoroethyi a&e , 
and biological polymers such as collagen. f 

19, A method according to claim I wherein said 
sites - inhibiting cossoound is distributed by coating the 
device with a polymer containing the si tee- inhibiting 
compound. 
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20. A method according to claim 19 wherein 
said polymer i < ss- pro; s 

2X. A method according to claim 1 wherein said 
effective amount of slime- inhibiting compound on or near 
the surface of the device is between about X and about 20 
mM, 

22* A method of inhit t g - r wtd 
microorganisms on a medical device inserted or implanted 
in a. tiammal comprising ; 

exposing said medical device, prior to 

insertion or implantation , in a solution, said 

solution having a c. , 

about X mM and about 1 M of a slime • ■ inhibiting 
compound r 

removing said medical device from said 
solution? 

drying said medical device; and 

inserting or implanting said medical device in 
the mammal, 

23. A method of inhibiting the growth of 

microorganism on a medical device inserted or implanted 

in a mammal comprising: 

coating said medical device, prior to insertion 
or ^roi 

having a concennracico of be f. ween about I mM 
ct 1 K o 

and 

implanting or inserting said medical device in 
the mammal, 

24. A method according to claim 23 wherein 
said polymer has slow release properties, 

25. A method according to claim 24 wherein 
said polymer is selected from the group consisting of 
silastic D2 th I icons -b 

teosphtalate (PET) > polyglacin, polydioxanone,, chromic 
gut, nylon, silk, daeren, knitted da cr on, veiour daeron, 
bovine arterial graft, polyethylene (m) , polyvinyl 
chloride {FVC} , silastic elastomer, silicone rubber, PMMA 
[poly- (methyl metbaorylate) } ,. latex, polypropylene (PP) , 
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titanium, cellulose, polyvinyl alcohol (FVA) , poly- 
(hydroxyathyi mstbaerylate) (PBSHft) , poly- (glycol ic 
acid), polv iacryicnicriie} <fiAN} , fioroethylene-CG- 
hexafiueropropyiene (FBP) teflon (PTFE) , Co- Cr alloys, 
FVC, poiynrathana,. polyester, polytatrafluoroethylena, 
and biological polymers such as collagen. 

26. A method of reducing infection associated 
with an intertable or implantable medical device 
comprising exposing said device, prior to insertion or 
implantation, with a slime- inhibiting compound, said 
exposure being sufficient to coat the device with an 
amount of inhibiting compound capable of reducing the 
amount of microbial growth on said device upon 
implantation, but being at an amount insufficient to 
produce systemic therapeutic benefits . 

27. & method according to claim 26 wherein 
said device is a catheter. 

28. A method of reducing thrombophlebitis 
associated with an implantable cr intertable medical 
device comprising distributing on said device an 

ef fective amount of a SSMB. 

29. A method according to claim 28 wherein 
said HSMD is selected from the group consisting of 
salicylic acid, acetylsalieyiie acid (aspirin} , bis- 
salicylate, benzyl -benzoic acid, difluaisal, fencosal 
indcmethaein, acemetaein, cinmetacin, suliadac, tolmetin, 
somepimc, diclofenac, fenclofeaac, isoxepac, ifeuprcfen, 
flurbiprofen, naproxen, ketoprofen, fenoprofen, 
benoxaprofen/ indoprofen, pirprofen, carprofen., tisfenamic 
acid, fiufenamic acid, meclofenamate, nifiumic acid, 
tolfenamic acid, flunixin, clonixin, paenylbutasoae , 
feprasone, acajous, trimethasone f mofebntaso.no, kebuaone, 
suxibusona, pixoxieam, isoxicam and tenoxieam, 

30. An insertable or implantable medical 
device having reduced risk of causing infection after 
insertion or implantation comprising & device having 
distributed thereon an effective amount of a slime- 
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inhibiting compound. 

31. A device according to claim 30 wherein 
said slime inhibiting compound is pressnu ac a level of 
between about l and about 

32. M. device according to claim 30 wherein 
said device is comprised of a polymer selected from the 
group consisting of silastic or other silicone -Meed 
material, pc^wv <• , <> rsi , pcay fiacre 
polydioxanone , chromic -gut., nylon, silk, dacron, knitted 
dacron,. valour dacron, bovine arterial graft, 
polyethylene {PK) t polyvinyl chloride {PVC! , silastic 
elastomer, silicone rubber f Vtmp. [poly- {methyl 
methaerylats} J , latex, polypropylene ;PP} ; titaniom, 
cellulose, polyvinyl alcohol {WA) , poly- {hydroxyethyl 
as cheery late} (PHEMa) ,. poly- (glycol ic acid) , poly 
(acryionitrile) C&m) , £ioroathylene-co- 
hex&fluorcprapylena (FBt) , teflon (PTFE) , Co -or alloys,, 
»VC, polyurs thane, polyester, poly tetraf iuoroethylene, 
and biological polymers such as collagen. 

33. A device according to claim 30 wherein 
said slime -inhibiting compound is a chelating agent. 

34. A device according to claim 30 wherein 
S&id slime- inhibiting compound is a MS&XD. 

35. A device according to claim 34 wherein 
said mMD is selected from the group consisting of 
salicylic acid, acetylsalicylic acid {aspirin} , bis- 
salicylate, benzyl -benzoic acid,, difiunisal, fendosal, 
Indomatbacin, acemetacin, cinmetaein, sulindac, toimetin.. 

pirac, diclofenac oxepa 
flurbiprc 

benoxaprofan, indoprofen, pi rprofen, carproien, mef ena.mic 
acid,, flufenaf.de acid, meclo? enamace, niflumic acid, 
nolfenamic acid, flunixin, cior.ixm, phenylbutazone , 

ne f trimetnaaona * kel gone, 

suxibusone, pirosdeam, isoxicam and tenoxicam. 

36. A device according to claim 35 wherein 
said KS&XD is salicylic acid ox- a salt thereof. 
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37, A device according to claim 35 wherein 
said. KSMD is ihttprofea, 

38, An laser table or implantable medical 
device having reduced risk of causing thrombophlebitis 
after insertion or implantation comprising a device 
having distributed thereon an effective amount of a 

3S* A. device according to claim 38 wherein 
said HS&ID is present at a level of between about 1 and 
about 2GS&L 

40. A device according to claim 38 wherein 
said WS&m is selected from the group consisting of 
salicylic acid,, aestyisaXicylic acid (aspirin) , bis- 
salicylate,- beaayi -beassoic acid, dif lunisai , fendosal f 
indomethaeia, aceasetacia, cinstetacin, sniindac, tolmefin, 
isomepirac, diclofenac, fenclofea&e", isoxspac, ibuprofen, 
flurbiprofen, naproxen, ketoprofen, fencprofen, 
benomprofen, indoprofen, pirprofan, carprofea, asefenamic 
acid, ilufenamic acid, jaeclofsaasaate, niflumic acid, 
tolfenamic acid, fiunixin, cicnijdxi, phenylbutazone, 
feprasoae, apassone, trimethasone, mofebutassone, ksfousone, 
snacibuaone, piroxicam, isoedeam and tenoscicam. 
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